Response under 37 C.F.R. §1.111 
Attorney Docket No. 030862 
Serial No. 10/633,534 

REMARKS 

Claims 1-11 are pending in the application, and are rejected. Claims 1, 8, 10 and 11 are 
herein amended. Applicants submit that no new matter has been entered. 

4 

Claim Rejections - 35 U.S.C. §102 

Claims 8 and 1 1 are rejected under 35 U.S.C. § 102(e) as being anticipated by Nallan et al 
(US/2004/0002223). 

Claims 1 and 10 are herein amended. The amendment finds support in the specification 
on page 5, lines 11-15. Subsequently, applicants submit that the rejection should be withdrawn 
because not all of the claimed limitations are taught or suggested by the cited reference. 

Applicants note that the intent of the present invention, as clarified by the amendment to 
claims 8 and 11, is to perform the above steps in order. That is, the region of the film is first 
exposed to a (N, Ar, or NH 4 ) plasma, and then it is etched after the plasma treatment. The 
plasma treatment is done to make the region more easily etched. 

The cited reference does not teach this order of steps; rather, the cited reference teaches 
either (1) the reverse order, or (2) a simultaneous order. That is, the cited reference teaches 
either (1) performing the steps together in a one-step method, or (2) performing the etching prior 
to performing the plasma treatment. There is absolutely no teaching or suggestion to employ the 
steps in the claimed order. Therefore, the rejection over the cited reference should be seen as no 
longer valid. 
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Claim Rejections - 35 U.S.C. §103 

Claim 9 is rejected under 35 U.S.C. §103(a) as being unpatentable over Nallan et al. 
(US/2004/0002223), as applied in Paragraph 3 above, and in view of Tsunashima et al 
(US/2001/0023120). The Examiner concludes that it would have been obvious to provide Nallan 
et al. with etching of the insulating layer using sulfuric acid as taught by Tsunashima et al. in 
order to form a patterned gate stack by using sulfuric acid to etch the amorphous metal oxide 
layer insulating (gate dielectric film). 

Applicants submit that the rejection of claim 8 above has been overcome. Because claim 
9 is dependent from claim 8 and necessarily includes at least its limitations, Applicants submit 
that the rejection of claim 9 has been overcome as well. 

Claims 1-3, 7 and 10 are rejected under 35 U.S.C. §103(a) as being unpatentable over 
Aoyama (US 6,150,221) in view of Callegari et al. (US 6,573,197). The Examiner admits that 
Aoyama does not specifically disclose the insulating film (i.e., the gate dielectric film) being 
Zr02 or HfC>2. However, the Examiner concludes that it would have been obvious to provide the 
device of Aoyama where the gate insulating film comprises zirconia or hafiiia as taught by 
Callegari et al. because the high K dielectric layer such as Zr0 2 or Hf0 2 are well known in the 
art. 

Claims 4-6 are rejected under 35 U.S.C. § 103(a) as being unpatentable over Aoyama in 
view of Callegari et al. as applied above, and further in view of Tsunashima et al. The Examiner 
concludes that it would have been obvious to provide the combination of Aoyama and Callegari 
et al. with etching of the insulating layer using sulfuric acid as taught by Tsunashima et al. in 
order to form patterned gate stack by using sulfuric acid to remove (etch) the amorphous metal 
oxide layer insulating (gate dielectric film). 

Page 7 of 1 0 



Response under 37 C.F.R. §1.111 
Attorney Docket No. 030862 
Serial No. 10/633,534 

Applicants respectfully disagree with the above rejections because the cited combination 
fails to teach or suggest all the limitations of the claimed invention. 

Applicants note the Examiner's assertion that Aoyama discloses a method of 
manufacturing a semiconductor device, the method comprising a step for implanting ions into a 
region of the insulating film (2) not covered with the mask pattern (3) using the gate pattern as a 
mask to give damages to the insulating film. The insulating film might be damaged but is not 
converted into amorphous state. However, according to the description in column 4, lines 29-42 
of Aoyama, it is a surface layer of Si-substrate (1) but it is not the insulating film (2) that is 
converted into amorphous state. 

Applicants note that when impurity is implanted by ion implantation, the impurity 
concentration has a maximum at a certain depth (hereafter referred to as "MAX" depth). The 
region at the MAX depth and neighborhood thereof are converted into amorphous state. 
However, a region shallower than the MAX depth region is not converted into amorphous state. 
U.S. Patent No. 5,468,657 a copy of which being attached hereto, confirms the above. As shown 
in Fig. 1 A, the oxygen ion beam is directed through first surface 22 into the body of substrate 20, 
which is a wafer of monocrystalline silicon (see column 4, lines 40-46). Implanted ions come to 
rest in a Gaussian distribution pattern within the substrate, the approximate center of the 
distribution pattern being at a predetermined depth D (see column 4, lines 53-57). After ion 
implantation, annealing is carried out (see column 5, lines 36-38). The semiconductor layers 
42(20), 44 shown in Figure ID is still monocrystalline silicon (se column 5, lines 52-53). If the 
layer 20, which is shallower than the depth D, were converted into amorphous state, the layer 20 
could not return to monocrystalline state through annealing. That is, the layer 20 might be 
damaged, but is not converted into amorphous state. 
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Applicants note that the Examiner appears to suggest that it would have been obvious that 
the insulating film (2) shown in Figure 4B of Aoyama is replaced by a Zr(>2 film, which is 
exemplified as a gate insulating film by Callegari. However, Applicants note that even if the 
insulating film (2) were replaced by the ZrC>2 film, the Zr02 film would not be converted into 
amorphous state through ion implanting described in Aoyama. 

Applicants note that neither Aoyama nor Callegari discloses a step (a3) of claim 1. 
Claims 2 and 3 depend from claim 1. The step (b3) of claim 7 corresponds to the step (a3) of 
claim 1 . 

Applicants note that the preferable condition for transforming the insulating film to an 
amorphous state is described in line 15-20 on page of the present specification. The preferable 
acceleration energy is 0.5 keV to 40keV. This range seemingly includes a condition described in 
lines 35-37 at column 4 of Aoyama. However, in the present invention, the gate insulating film 
(5) is made of zirconia or hafnia, whereas in Aoyama' s embodiment, the gate insulating film (2) 
appears to be made of silicon oxide. Applicants refer to Figure 2 of IEEE Transactions on 
Electronics Devices, Vol. 49, No. 10, pp. 1836, a copy of which is attached hereto. When the 
insulating film to be ion implanted is made of Si02, the impurity concentration has a maximum 
at deeper position than the case where the insulating film is made of HfC>2. In Aoyama' s case, 
even if the acceleration energy is the same, most part of the impurity ions reaches the surface 
layer of the Si-substrate (1) passing through the insulating film (2). Accordingly, the insulating 
film (2) is not converted into amorphous state. In contrast, in the present embodiment, more 
impurity ions come to rest in the insulating film because the insulating film is made of zirconia 
or hafnia, which it is hard for ions to pass through. 
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With reference to Tsunashima, comparing claims 4 and 12, the etchant of claim 12 is 
limited to mixture liquid of sulfuric acid and hydrogen peroxide. Applicants submit that 
Tsunashima exemplifies sulfuric acid and hydrofluoric acid as the etchant, but does not disclose 
mixture liquid of sulfuric acid and hydrogen peroxide. The effect obtained by using mixture 
liquid is described in lines 8-12 on page 6 of the present specification. Therefore, is can be seen 
that the claimed invention would not be reached even by the proper combination of the cited 
references. 

In view of the aforementioned amendments and accompanying remarks, Applicants 
submit that that the claims, as herein amended, are in condition for allowance. Applicants 
request such action at an early date. 

If the Examiner believes that this application is not now in condition for allowance, the 
Examiner is requested to contact Applicants' undersigned attorney to arrange for an interview to 
expedite the disposition of this case. 

If this paper is not timely filed, Applicants respectfully petition for an appropriate 

extension of time. The fees for such an extension or any other fees that may be due with respect 

to this paper may be charged to Deposit Account No. 50-2866. 

Respectfully submitted, 
Westerman, Hattori, Danjfls & Adrian, llp 

/Kenneth H. Salen 
Attorney for Applicants 
Registration No. 43,077 

KHS/lde 

1250 Connecticut Avenue, NW 
Suite 700 

Washington, D.C. 20036 
(202) 822-1100 

Enclosures: U.S. Patent No. 5,468,657; IEEE Transactions on Electronics Devices, Vol. 49, 

No. 10, pp. 1836, 

Q:\2003\030862\030862 Amendment 9-29-04.doc 
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The fifsr term of (2) is 9.3 nrn and the latter is } nm, hence the intcrfa- 
• cial layer docs not influence the results significantly. The difference: is 
attributed to the smell R p in Hf0 2 . 

When the substrates are subjected to a thermal process, the HfOi 
layer becomes crystallized The ion implantation profile may change 
correspondingly reflecting the channeling phenomenon. However 
sve can expect that and are almost the same, while t Md/J 
should be modified depending on the process, which is the case for Si 
substrates. 

■ 

IV. Conclusion 

We implanted ions of fl. As, and P in a lOO^m-thick layer of HfOa. 
We used the Pearson IV funcdon to evaluate the profile, and extracted 
tie corresponding parameters. The projected range of ions in HfO* is 
about half of that in SiO, . A much lower dose reaches a„d is retained in 
a S. subsaatc wi«h a covering layer of HfO z that has a given thickness 
compared w«h a covering layer of SiO, r'at the same thickness. We 
demonstrated this with implanted profiles of P ions. 

* 

APPENDIX. 

Thb Pearson IV Function 

A Pearson function excels in expressing various profile shapes and 
is given by the solution of the differential equation 
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where s _ x - md each coefficient is related to the first four 
moments of the distribution function according to 
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where A = 100 - 12 7 l - 18. AA„ y and 0 am related to the 
moments of the profiles and are given by 

(A-3) 



Equation <A-1) gives us various types of function families depending 
on the relationship between -y and /7. Among the Pearson function 
family, the Pearson IV function is frequently used owing to the fact 
that it is defined over the entire region and can describe most of (he 
profiles. For Pearson IV condition of 4& 0 *a - 6? > 0, holds, which' 
implies that 



♦ 

Therefore, the function can be expressed by 
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where A' is a factor that has to be determined by equating the integral 
of (A-5) and the dose, 
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